ABSTRACT. Autoimmune diseases (ADs) are chronic conditions initiated by the loss of immunological tolerance to self-antigens. The aim of this study was to detrmine how polymorphisms of glutathione S-transferases T1 and M1 (GSTT1 and GSTM1) genes influences on the occurrence of two autoimmune diseases: multiple sclerosis (MS) and Hashimoto's thyroditis (HT). A multiplex polymerase chain reaction (PCR) was used to detect the deletions in GSTT1 and GSTM1 genes. Our results showed that patients with ADs had significantly higher (p < 0.05) frequency of GSTM1 null genotype compared to controls (44.4% vs. 0.0%, respectively). However, the homozygous deletion of both analyzed genes (GSTT1 null/GSTM1 null) showed no significant differences between these genotypes in the patients and controls (11.1% vs 0.0%, respectively). Our results showed that observed differences in the distribution of GSTT1 and GSTM1 null genotype in patients depending on the diagnosis (MS or HT) when compared to the same frequency of genotypes in control, were not statistically significant (p > 0.05). This study suggests the potential role of GSTM1 deletion on ADs susceptibility, but on the other hand this study should be repeated in other patients with the same or similar diagnosis of ADs.
INTRODUCTION
Autoimmune diseases (ADs) are chronic conditions initiated by the loss of immunological tolerance to self-antigens (TODOROVIĆ-ĐILAS et al., 2011) . It is a heterogeneous group of disorders in which multiple changes in the immune system can be specific to a particular tissue or organ or may be systemic, non-specific, involving multiple tissues or organs (RAY et al., 2012) . Literary data indicate that more than 80 clinically different diseases have been identified, including multiple sclerosis (MS) and Hashimoto's thyroiditis (HT) (ANTONIOU et al., 2010) .
MS is a demyelinating, inflammatory disease of central nervous system (CNS) that affects young adults (LEE et al., 2015) . HT is characterized by lymphocytic infiltration that leads to disruption of the tissue architecture of the thyroid gland, resulting in a progressive loss of thyroid function (ACHARYA et al., 2014) . It is one of most frequent ADs responsibile causes of morbidity in women, with four females and one male person in 1,000 inhabitants a year diagnosed with autoimmune thyroid inflamation (ĐURICA and VUKSANOVIĆ, 2005; GERENOVA and GADJEVA, 2007).
ADs have a multifactorial etiology, so the underlying factors in the development of autoimmunity are genes of susceptibility such as human leucocyte antigen (HLA) genes that affect the loss of tolerance (GOUGH and SIMMONDS, 2007 , 2017) . OS is the result of an imbalance between the amount of reactive oxygen species (ROS) and the capacity of antioxidant defence systems (ALLEN and TRESINI, 2000). Glutathione S-transferases (GSTs) are a family detoxifications enzymes that are essential for the biotransformation of xenobiotics and carcinogens as well as cell protection against OS. The products of GSTT1 and GSTM1 genes are enzymes glutathione Stransferases T1 and M1, which carry out important detoxificatious processes of xenobiotics in organism. Homozygous deletion of these genes (null genotype) results in the total absence of enzymatic activity and leads to an inability of xenobiotics elimination from organisms, it accumulates and manifest their harmful effects (GARTE et al., 2001) .
Considering that oxidative damages to biomolecules increased the risk of ADs as well as that GST enzymes are the main endogenous antioxidant protection system in eliminations of free radicals, the aim of this study was to examine the association of GSTT1 and GSTM1 polymorphisms influences on the occurrence of both diseases, MS and HT.
MATERIALS AND METHODS

Patients
Polymorphisms of GSTT1 and GSTM1 genes was analysed in 18 persons: eight patients of ADs and eight healthy individuals who presented control sample. In sample ADs patients it was four patients with MS and five patients with HT diagnosis, mean age 44.89±9.71; and range 32-60. The control group was of mean age 46.11±7.51; range 36-58, without past histories of neurodegenerative disorders. The study was approved by Ethical Committee of the Clinical Centre Kragujevac. All patients and control subjects gave written informed consent according to the Helsinki Declaration.
Genomic DNA isolation and genotype analysis of GSTT1 and GSTM1 polymorphisms
Genomic DNA from whole peripheral blood was extracted automatically by Biorobot EZ1. After that, the concentration of DNA in each sample was calculated by biphotometer (Eppendorf, Hamburg, Germany), and polymerase chain reaction, PCR (Eppendorf, Hamburg, Germany) was carried out. Visualization of amplified products was achieved by electrophoresis on 2% agarose gel.
Genomic DNA was isolated from 350 μl of whole peripheral blood using automatically a Biorobot the EZ1 DNA Blood 350 μl Kit (Qiagen, Hilden, Germany) and BioRobot EZ1 (Qiagen, Hilden, Germany), following the manufacturer's instructions.
To determine the GSTT1 and GSTM1 genotypes a multiplex PCR method was carried simultaneously, as described in ABDEL- RAHMAN et al. (1996) PCR products were separated and analyzed on 2% agarose gel stained with SYBER Safe DNA gel stain (Invitrogen, California, USA). The presence of 480 bp band corresponds to GSTT1 positive genotype while 215 bp band corresponds to GSTM1 positive genotype. The band of internal control CYP1A1 (312 bp) was always present (Table 1) . 
Statistical analysis
The data are expressed as mean ± standard error (SE). Statistical significance was determined using the Chi-square (χ 2 ) test. A p < 0.05 was considered significant. The magnitude of correlation between variables was done using a SPSS (Chicago, IL) statistical software package (IBM SPSS Statistics 20) .
RESULTS
The results of GST polymorphism analyses in the patients with ADs are presented in Table 2 and 3, and Figure 1 . Table 2 shows distribution of GSTT1 and GSTM1 polymorphism, alone or in combinations in patients with ADs, and in the healthy control. The obtained results indicate that the difference in the distribution of GSTT1 null genotype between ADs patients and control is pretty similar (11.1% vs. 0.0%, respectively), so that the observed difference in distribution of this genotype was not statistically significant (p > 0.05). Results distribution of deletion polymorphism GSTT1 and GSTM1 gene indicates the significant frequency of GSTM1 null genotype in patients with ADs, in comparison with the control (44.4% vs. 0.0%, respectively) and that the observed difference is statistically significant (p < 0.05). The results analyses of the combined genotypes indicate that GSTT1 positive/GSTM1null genotype is slightly less, as compared to the distribution of genotype GSTT1 positive/GSTM1 positive (33.3% vs. 55.6%, respectively), but the observed difference in distribution of this genotypes was not statistically significant (p > 0.05). Table 3 shows the distribution of GSTT1 and GSTM1 polymorphism in patients diagnosed according to the ADs, in comparison to the control sample. Differences in the distribution of GSTT1 null/GSTM1 null genotypes in patients, depending on the diagnosis when compared with the control sample, were not statistically significant. Patients diagnosed with HT had a higher frequency of GSTT1 null/GSTM1 null genotypes, compared to the control sample (20.0% vs. 0.0%, respectively), but with no statistical significance. Those patients were used to observe twice the size GSTT1 null genotype compared to the control sample, but also without statistical significance. In patients who were diagnosed with MS the GSTT1 gene deletions were observed, and regarding the frequency of GSTM1 deletion there was also no statistically significant difference compared to the control sample. In relation to the diagnosis, the distribution of GSTM1 null genotype is almost equally represented. Our results showed that the difference in distribution of GSTT1 null genotype between ADs patients and control sample is quite similar, so the observed difference was not statistically significant (p > 0.05) and there is no association between occurance of ADs and deletion of GSTT1 gene. These results were in accordance with results STAVROPOULOU et al. (2007) which investigated polymorphism of these genes in sample of 47 patients with MS (18 males and 29 females), and in the control sample of healthy donors. These authors also showed no significant difference in distribution GSTT1 null genotype between patients (19.1%) and control sample (18.8%).
On the other hand, the results of our study clearly indicate the statistical significantlly difference in distribution of GSTM1 null genotype between ADs patients and control sample (44.4% vs. 0.0%, respectively) which can indicate that exists аssociation between occurance of ADs and deletion of GSTM1 gene. On the contrary to these findings, STAVROPOULOU et al. (2007) showed that there is no significant difference in the distribution of GSTM1 null genotype between patients with MS and the control (53.2% vs. 38.8%, respectively). In addition, the same authors found the higher incidence of GSTM1 null genotype observed in female patients, suggests a possible role of the GSTM1 detoxification pathway in a genderdependent manner.
However, the homozygous deletion of both analyzed genes (GSTT1 null/GSTM1 null) showed no significant differences between the genotypes in patients with ADs and control sample (11.1% vs 0.0%, respectively). Statistically significant difference in the distribution of GSTM1 null genotype in the sample of patients in comparison to the control is lost, when analyzing the same polymorphism, giving due consideration to the diagnosis, which can be explained by small sample size. The fact that the GSTT1 and GSTM1 null genotypes were associated with severe disability in patients with a disease duration of more than 10 years, MANN et al. (2000) pointed out that long-term prognosis in MS is influenced by the ability to remove the toxic products of oxidative stress. MANN et al. (2000) showed that the GSTT1 and GSTM1 null genotypes were associated with severe disability in patients with a disease duration of more than 10 years. These results indicate that long-term prognosis in MS is influenced by the ability to remove the toxic products of oxidative stress. ŢIVKOVIĆ et al. (2013) in recently conducted study have shown that patients with MS have significantly higher frequency of GSTT1 null genotype in relation to the control group (37.36% vs. 21.86%, respectively). This study has shown that there is a significant association between a MS and deletions GSTT1 gene. The same authors also detected the significantly higher frequency of double deletions (GSTM1 null/GSTT1 null) in patients with MS compared to controls.
Our results showed that observed differences in the distribution of GSTT1 and GSTM1 null genotype in patients, depending on the diagnosis (MS or HT) when compared to the same frequency of genotypes in control group, were not statistically significant (p > 0.05). In our study the patients with HT had a higher frequency of GSTM1 null genotype compared to the control group (20.0% vs. 0.0%, respectively), but without statistical significance. The same patients were used to observe double higher frequency of GSTM1 null genotype compared to control sample, but also without statistical significance. In patients with MS the deletion of GSTT1 gene was not observed, and there is no statistical significant difference in frequency of GSTM1 deletion compared to contol sample. Recently conducted meta-analysis demonstrates that the GSTT1 null genotype is associated with MS in Caucasian populations (LEE et al., 2015) .
CONCLUSION
Based on the results of this study we conclude that GSTM1 gene has a importal role in development of ADs. Most likely, this gene affects the incidence of ADs by a reduced or complete dysfunction of encoded enzyme. Future researches of both polymorphisms (GSTT1 and GSTM1) on a larger sample will contibute to a better understanding of their participation in ethiopathology of these diseases. Considering the fact that these diseases are not so rare, future studies should explore not only the role of genotype of both genes (GSTT1 and GSTM1), but also the potential role of other polymorphisms as genetic factors that lead to ADs.
